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Microfabrics of Lacustrine Sediments to Pollutant Adsorption from a Polluted
Eutrophic Lake, theYangtze Delta Region

INTRODUCTION

Adsorption and desorption of pollutants and nutrients of the

sediments are important processes for water quality. Previous

works were focused on the chemical adsorption of heavy metal,

nutrients and pesticides (V and , 1997; G ,

., 1998

Since the clay minerals with negative charges attract the

elements with positive charges, clay minerals for adsorption of

pollutants was emphasized ( , , 2000;

T and K , 2001; B and B ,

2000). Chemical and biogenic coatings on the surfaces of grain

particles of the sediments were common and can be seen in

naked eyes. The reduction of Fe(III) coating in groundwater

aquifers was believed for the responsibility for water quality

(S

). These coatings were reported to absorb toxic pollutants

of Cd ( , 1998). Further laboratory studies on

surface coatings by (2001) indicated that the

adsorption of Pb to Mn oxides and the adsorption of Cd to Fe

oxides were statistically higher than the adsorption of Pb and Cd

to other components.
Pollution and eutrophication in lakes is a serious problem in

the world. In China, many lakes have been polluted with the

development of industries and agriculture since the 1980s,

particularly in the middle and lower reaches of the Yangtze

River. Eutrophication is one of the serious problems in the

lakes, with frequent outburst of heavy cyanobacteria in the

summer ( and and and

. It is believed that high concentrations of nitrogen

and phosphorus are the main cause for cyanobacteria bloom

( , 2001). Previous studies have focused on chemical

mechanisms of the adsorption and desorption of nutrients to

bottom clay ( and

). Chemical and biological indexes were used

to evaluate or monitor lake pollution (

, 1995). However, much less attention has been

paid to the microfabrics physical forms of pollutant adsorption

in bottom clay. Microfabric techniques were used in sediment

studies to reveal sedimentary dynamics in marine and delta

sediments (

and ), lacustrine and

fluvial sediments ( , , 1994; and 1994),

glacial till ( 1997), debris flow

( , , 1991). Microfabric is a physical feature of

sediments and can be used to describe the bondage and

separation of sediments. Different microfabric types have

different capacities against separation by wave action and

dissolution, etc., which may arouse desorption. Thus,

understanding microfabrics relating to pollutant adsorption is

one of the basic steps to underdatnd pollutant desortption from

sediments. This paper studies two microfabrics of aggregagtes

and coatingss relating to pollutant adsorption in modern

lacutrine sediments, and discusses their origins of pollutant

adsorption to the sediments in a polluted, eutrophic lake, the

Yangtze delta region.

Taihu, the third largest freshwater lake in China, is located in
the delta of the Yangtze River in eastern China (30°05' 32°
08'N; 119°08' 121°55'E) (Figure 1). It is a shallow lake with a

surface area of 2,338 km a catchment area of 36,500 km and a
mean depth of 1.9 m. Seven large- and medium-sized cities and
31 county towns are - around the lake ( , 2000), with
about 35 million people (2.9% of the nation's population) in the

catchment. The catchment has 2.66 x 10 ha farmland to which
2-3 million tons of chemical fertilizer and 70 80,000 tons of
pesticides are applied annually, resulting in 1.5 million tons of
chemical fertilizers and pesticides being washed into the lake
each year. The lake is also the main source of water supply for
Wuxi City with a population of 4.3 million and a major fishery
base. Intensive fish-farming increased nutrient inputs to the
lake. The water quality of Lake Taihu has worsened severely
over recent decades with a change from mesotrophic in the
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Two types of microfabrics relating to pollutant adsorption were studied in the scanning electronic microscope
(SEM) in a polluted, eutrophic lake, the Yangtze delta region. Agglutinational texture or the aggregates of small
particles are composed of clay minerals and fine organic fragments among the silty grains and the coatings with a
thickness about 1 m were on the surfaces of the silty grains in the sediments. The chemical constituents of the
aggregates and the coatings are K, Na, Ca, Mg, Si,Al, O, Fe, Ti, C, N and P determined in X-ray energy spectrometry
connected with the SEM. In some cases, Pb was detected in the aggregates in the top sediment. It is suggested that
nutrients and metals are adsorbed to the aggregates, which were formed by electrostatic attraction of physico-
chemical flocs. The coatings on the surface of quartz grains were formed by the interaction of dissociated Al, Si, Fe,
etc from silicates with dissolved N, P and C nutrients in interstitial water, which was aroused by human pollution to
the lake in recent two decades.
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1950s to eutrotrophic now ( , 1998; , 1999; ,
2000). Cyanobacteria outburst in Taihu is one of the most
serious problems in China since the 80s of the last century.

Sediment cores were taken from four locations within
western Taihu (Figure 1) in October 1998.At each location, four
longer static-pressure cores (Tai1 L - Tai 4L) within 90cm were
taken and a short gravity core (Tai1S). The longer cores were
stored in PVC tubes and brought back to the laboratory for
microfabric analysis. Analyses of geochemical elements and
SCPs (small carbonished particles) on Tai1S were done.

PU QIN QUet al. et al.

METHODS

Coring and Lithostratigraphy

Microfabrics and Chemical Constituents

SCPs, Nitrogen and Phosphorus of Core Tai1S

The Tai1L, Tai2L, Tai3L and Tai4L were cut along the long
axis using an electrical osmotic knife. Subsamples in one-half
of the tube were selected in one centimeter interval to determine
the grainsize. The out layer of the sample in other half of the
tube was removed after it was immerged in acetone in three
times in order to remove water. Subsamples were collected and
were sprayed in gold for microfabric studies. Some subsamples
were also taken out to remove the water in freeze-dry method in
order to compare the results with those treated by chemical
method. Microfabrics were observed in the SEM and the
chemical elements in clay-sized particles and on the surface of
silt grain particles were determined by X-ray energy
spectrometry. Some subsamples were sprayed in carbon also for
the determination of chemical elements in order to avoid the
flap of the peaks of phosphorous and silicon.

Because of the material loss or disturbance at the top
sediment in osmotic cutting, Tai1L, Tai2L, Tai3L and Tai4L
were separated, starting at 2cm, 8cm, 5cm and 3cm for
microfabric study, respectively. The subsamples in Tai1L,

Tai2L and Tai4L were selected with one to four centimeter
intervals for the SEM observation. Five samples in Tai3L were
selected for the observation. One to two photos with the
amplification of 1000-2000 for each sample were used for
measurements. The shapes of all particles and voids in the
SEM's photos were summed up into rectangle, triangle,
trapezium and round. The particles measured were only silty
grains and the aggregates of clay particles were not measured.
The necessary linear parameters to calculate the areas of
particles and voids were measured in the photos. The average
size of a particle or a void was calculated by the square root of its
area.

SCPs (small carbonished particles) are produced from the
high temperature combustion of fossil-fuels and have no natural
sources. Therefore, in lake sediments they provide an
unambiguous record of industrially-derived, atmospherically
deposited pollution. The procedure for extraction and
enumeration of SCP from the Tai1S and Tai1L sediment cores
followed (1994). Sediment concentrations were
calculated as 'number of SCPs per gram dry mass of sediment'
or gDM .

Nitrogen and phosphorus analysis was undertaken on the
Tai1S core. Sediment nitrogen analysis followed an adapted
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Figure 1. Map of Taihu showing coring locations and proximity
to major cities and theYangtze (Changjiang) River.

Figure 2. Microfabrics relating to adsorption of pollutants. A
and B. aggregates among the silt particles. C. coatings on silty
quartz grain. D. The coating was curled up under the bombings
of electronic beam on the surface of the particles.
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Kjeldahl digestion followed by a distillation procedure ( ,
1989) whilst sediment phosphorus analysis employed a
perchloric-sulphuric acid digest followed by a colorimetric
measurement ( , 1989).

The appearance and geochemical components were not
found to change significantly with the depth, based on more
than ten samples in each of Tai 1L, Tai 2Land Tai 4L.

The voids are irregular (Figures 2Ato 2C). Many of them are
interconnected, with various sizes. The void size is related with
the particle size. The sizes are large among the silty grains,
whilist those in the aggregates are small. Both the sizes of
particles and voids in Tai1L and Tai4L display a tendency of
slight decrease with the depth. However, the particle sizes have
a tendency of increase, but the void sizes have a tendency of
decrease in Tai2L(Figure 4).

The sediment N and P profiles of Tai1S (Figure 5) show
agreement with the known eutrophication and decreasing water
quality of Taihu over a period of decades. P concentrations
increase steadily from the base of the core to the present and this
may be interpreted as a record of aqueous P. N levels increase
dramatically from the mid-1980s and this is in agreement with
N concentrations in lake water which have been reported to

have increased from 1.84 mg L in 1987 to 2.5 mg L in 1994

ALLEN

ALLEN

RESULTS

Microfabrics

Nitrogen and Phosphorus

Three types of microfabrics relating to pollutant adsorption
are agglutinational texture, coatings and microvoids.
Agglutinational texture is the aggregates of clay minerals with
fine organic-matter fragments. Aggregates were usually among
the silt particles or clay particles and fine organic fragments
assembled together solely (Figures 2Aand 2B).

The difference of agglutinational texture between Taihu
Lake and the lakes in the middle reach of the Yangtze River is
that the presence of the framework of silty grains. The
aggregates of clay particles are present among the silty particles
in Taihu lake; whilist there were no framework of silty particles
enclosing the aggregates of clay particles in the latter ( , .,
2002). Analytical results of more than ten samples by X-ray
energy spectrometry showed that geochemical constituents of
the integrates were K, Na, Ca, Mg, Si, Al, O, Fe, Ti, C, N and P
(Figure 3A). In some cases, Pb was detected in the top sediment.

Coating is on the surface of silty grains (Figure 2C and 2D).
In the bombing of the electronic beam when determining the
elements of the coating, a coating was retroflexed, with a

thickness of less than 1 m (Figure 2D). The geochemical
elements determined by X-ray energy spectrometry are K, Na,
Ca, Mg, Si, Al, Fe, Ti, C, N, P (Figure 3B and 3C). The coating
and aggregates are present from top to bottom of the sediments.

YI et al
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Figure 3. Spectrometry of the chemical elementts of the
aggregates (A) and coatings (B. sample sprayed with gold and
C. sample sprayed with carbon).

Figure 4. The changes of the sizes of particles and voids with the
depth. Tai1L (Down), Tai2L (middle) and Tai4L (upper). VS
void size; PS particle size.
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( and , 1993). High N/C ratios are generally
associated with algae and hence the dramatic increase in
sediment N may reflect the increased severity of algal blooms in
the lake in recent years.

The

Pre

C

SUN HUANG

SCPs

DISCUSSIONS

Pollutants inAggregates

Pollutants in Coatings

SCP profile for Tai1S (Figure 6) shows low
concentrations up to 30 cm (c. 1930s) followed by a massive
increase in concentration in the 1940s and 1950s. Above this

concentration change flattens with a peak of 9000 gDM at 6 7
cm (c. 1990) followed by a decline to the sediment surface.
Conversion of SCP concentrations to accumulation rates (no.

cm yr ) show similar trends, although the increase in sediment
accumulation rate towards the top of the core alters the
'flattened' section to a trend of more continuous increase. SCP

accumulation rate peaks in c. 1991 at 4000 cm yr whilst

surface levels are lower at 2400 cm yr . These values are
equivalent to levels observed in some of the more contaminated
lakes in Europe.

SCP profile features are thus in broad agreement with SCP
profiles from other areas of the world (e.g. Europe) where a
rapid increase in concentration is observed at a similar time
whilst a concentration peak is observed slightly earlier (late
1970s) ( , 1999).

vious works on adsorption of pollutants were studied in
chemical analyses ( and ,
1998; , 1998 , ., 1999; and

, 2000; , ., 2000; , 2001). Clay
minerals with negative charges were reported to attract the
elements with positive charges and pollutants (

., 2000; and , 2001; and
, 2000). Clay minerals and fine organic fragments

have large specific surface area and their capacity of adsorption
to metal ions is high. That is why the metal elements were
detected in the aggregates (Figure 3A). The pH value of the lake
water is moderately alkaline in Taihu. Most of phosphorus,
nitrogen, carbon and toxic elements discharged into the lake
through river transportation are in dissolved status or in
suspension. They are usually charged and can be adsorbed by
clay minerals or organic fragments. The aggregates contain
organic fragments from plants, but the phosperous content is
lower than 1% in plants fragments. When the concentration is

lower than 1%, it is difficult to detect the presence of this light
element in X-ray energy spectrometry. The phosphorus is
detected to be present in the aggregates, indicating that the
pollutants were adsorbed to the aggregates.

sediment is similar to
gelatinous texture in blue clay with about 40% of clay fraction
with the size less than and with higher organic content of
2.9-8.0%, but not common in black gray with large amount of
coarse organic fragments in Honghu, a clean lake (Y 2001). It
is also not present in gray clay with low organic matter content
in the sediments of clean lakes and the swamp sediments with
high content of coarse organic matter in a orographic basin, the
middle reach of theYangtze River ( , 2002).

The coatings have the similar chemical compositions with
those of gelatinous texture. The appearance and chemical
compositions suggest that the coating may have the same
genesis as that of gelatinous texture. The phosphorus content is
lower than 1% in bacteria and diatoms. If the concent of
phosphorus is lower than 1%, it is difficult to detect the presence
of this light element in X-ray energy spectrometry. The
phosphorus is detected to be present in the coatings, suggesting
that the coatings were not only the microbio, but contain
pollutants.

Based on the comprehensive studies on the water of Taihu
during 1950-1995, the water quality and nutrient conditions
increased one level in every 10 to 15 years, and TN and TP
increased by 66% and 79%, respectively from 1987 to 1995
(FAn, 1996). Percentage of retention of TN and TP (ratio of the
net amount of TN or TPdischarged into the lake to the amount of
TN or TP in situ) were 1.33 and 6.8, respectively during 1987-
1988 ( ., 1995). It is believed that the gelatinous texture
is formed by combining dissociated oxide of Fe, Al, Si with
organic gelatin and then formed into a gelatinous shape ( ,

., 1988). It is suggested that the coatings on the surface of
the sediment grains were formed by the interaction of the
Nutrients of nitrogen, carbon and phosphorous, etc. from
pollutants with the dissociative Fe,Al, Si from silicate minerals.
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hemical and biogenic coatings on the surfaces of grain
particles of the sediments which were referred to in most
literatures can be seen directly in naked eyes

., 2001). The origin of the
coatings of iron oxides and magnesia was largely ascribed to
action of bacteria and diatoms (
and , 2001 and 2001). The
compositions of nutrient elements in the coatings suggest that
they may be ascribed to the biofilms.

However, the appearance of the coating -- very smooth
surface and small thickess, in Taihu

(SAUNDERS .,
1997; BROWN ., 2000; KNAPP ., 2002; SCHLEKAT .,
1998; DONG ., 2001; PENN

BOULT ., 1997; DAVAUD

GIRARDCLOS ; ALLOUC HARMELIN,

et al
et al et al et al

et al et al

et al

Figure 5. Sediment profiles of total nitrogen (%) and total
phosphorus in Tai1S.

Figure 6. Sediment profiles of SCP concentration (gDM ) in
Tai1S.
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Based on the sedimentary datings of Tai1S and Tai4S in Pb

and Cs (YI , 2003 in press), the coatings were still present
in the sediment formed before the 1980s of serious pollution
period. As compared with gelatinous texture in the sediments
from clean lake water mentioned above, the coatings might be
formed in a natural process in Taihu. SCP accumulation rate

peaks in c. 1991 at 4000 cm yr (Figure 6), being close to the
beginning of serious pollution period in Taihu. The TN and TP
insediment decreased with the depth in Tai1S (Figure 5).

(2000) also showed the same results in Taihu. But they
studied the vertical changes of the concentrations of nitrogen
and phosphorus in interstitial water in the sediment of 30cm
thick and found that their concentrations tended to be increasing
with the depth and besides, were not related with the TN and TP,
respectively. The void sizes in Tai1L and Tai4L display a slight
decrease with the depth (Figure 4), implying the exchange of
chemical elements in interstitial water may not affected by void
sizes. Below a certain depth, the interstitial water will be closed
without exchanging with the upper water and the nutrient
elements of C, N and P and other geochemical elements in
interstitial water may precipitate on the surfaces of quartz
grains, forming the coating.
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To understand adsorption of pollutants to and desorption from
sediments, the use of microfabric techniques is helpful to
identify the presence of pollutants in the sediments. The
microfabric forms of aggregates and coatings relating to
pollutant adsorption were found in lacustrine sediment in Taihu
lake, the Yantze delta region. The aggregates or agglutinational
texture is composed of clay minerals and fine organic fragments
which adsorb the pollutants among silty grains. The coatings are
on the surface of quartz silty grains. The appearance and
chemical components suggest that they are a chemical
compound and may be precipitated by pollutants in interstitial
water aroused by human activities.

The project was supported by National Science Foundation of
China (Grant No 49971081), and The Royal Society (London)
(Joint Project Q741). We are grateful to Helen Bennion and Du
Yun for field work, to Jim Davy at UCL for help with the SEM,
to the testing center of Nanjing University for support.

CONCLUSIONS

ACKNOWLEDGEMENTS

LITERATURES CITED

.

.

Journal of Coastal Research Special Issue 39, 2006,

Yi et al.1416



oxide coatings on sand grains from the Atlantic coastal
plain: High-resolution transmission electron microscopy
characterization. , 29 (9), 843-846.Geology

PETROVI

RUAN, H.D. GILKESand

, M.; MACAN, M. K. HORVAT,

PU, P.; HU, W.; YAN, J.; WANG HU,

QIN,

QU, W.; XUE, B.; DICKMAN, WAND, S.; FAN, C.; WU, R.;
ZHANG, P.; CHEN, WU,

REYNOLDS, GORSLINE,

ROSE,

ROSE, HARLOCK, APPLEBY,

,

RUTTENBERG,

SACK, LAST,

SAUDERS, PRITCHETT, COOK,

SAVENKO,

SCHLEKAT, DECHO, CHANDLER,

SHEN, L.; LIN, G. F.; TAN, J. W SHEN,

SLOMP, MALSCHAERT, VAN RAPHORST,

SUN, HUANG,

TANG, PARNELL, RUFFELL,

TARASEVICH, KLIMOVA,

WANG, WAN, WANG, LI, HUANG,

WANG,

VAN DER MEER,

VINK, VAN DER ZEE SEA,

YE, LEI, WANG,

YI,

YI,

YI, WU, LIU, WANG, XU,

YI, APPLEBY, BOYEL, ROSE, N.; RONG

XIE,

and A. J. M., 1999.
Interactive sorption of metal ions and humic acids.

111, 41-56.
, G. and C., 1998. A physico-

ecological engineering experiment for water treatment in a
hypertrophic lake in China. 10,
179-190.

B., 1999. Hydrodynamics of Lake Taihu, China. ,
28, 669-673.

M.D.;
J. and Y., 2000.A14,000-year record

of paleoenvironmental change in the western basin of
China's third largest lake, Lake Taihu. , 432,
113 120.

S. and D. S., 1991. Clay microfabric of
deep-sea detrital mudstones, California continental
borderland. 62(1), 41-
53.

N.L., 1994. A note on further refinements to a procedure
for the extraction of carbonaceous fly-ash particles from
sediments. , 11, 201-204.

N.L.; S. and P.G., 1999. The spatial
and temporal distributions of spheroidal carbonaceous fly-
ash particles (SCP) in the sediment records of European
mountain lakes. 113, 1-32.

R. J., 2000. Phosphorus accumulation
in farm ponds and dams in southwestern Australia.

29(6), 1875-1881.
K.C., 1992. Development of a sequential

extraction method for different forms of phosphorous in
marine sediments. 37(7),
1460-1482.

A. and W. M., 1994. Lithostratigraphy and recent
sedimentation history of Little Manitoba Lake,
Saskatchewan, Canada. , 10,
199-212.

J.A.; M. A. and R. B., 1997.
Geochemistry of biogenic pyrite and ferromanganese
coatings from a small watershed: A bacterial connection?

14 (3), 203-217.
A. V., 2001. Interaction between Clay Minerals and

Fluorine-Containing Solutions. 28(3),
274277.

C. E.; A. W. and G. T., 1998.
Sorption of cadmium to bacterial extracellular polymeric
sediment coatings under estuarine conditions.

17 (9), 1867-
1874.

. and J. H., 2000.
Genotoxicity of surface water samples from Meiliang Bay,
Taihu Lake, eastern China. 41, 129-132.

C. P.; J. F. and W.,
1998. The role of adsorption in sediment-water exchange of
phosphate in North Sea continental margin sediments.

43(5), 832-846.
S.-C. and J.-P., 1993. Taihu Lake (in Chinese).

Beijing : Ocean Press, 65-69p, 129-130p, 261pp.
Z. H.; J. and A. H., 1994. Deposition

and diagenesis of the lacustrine-fluvial Cangfanggou Group
(uppermost Permian to Lower Triassic), southern Junggar
Basin, NW China: a contribution from sequence
stratigraphy. 11, 67-90.

Y. I. and G. M., 2001. Complex-
forming adsorbents based on kaolinite, aluminium oxide
and polyphosphates for the extraction and concentration of
heavy metal ions from water solutions.

19, 95-101.
Y.-C.; G.-J.; S.-L.; S.-H. and

R.-G., 2000. Forms of phosphorous in sediments Lake
Baihua and Lake Hongfeng, Guizhou.

, 20(3), 237-278.
Z.-Y., ., 1988.

. Geology Publishing House, Bejing.
J. J. M., 1993. Microscopic evidence of

subglacial deformation. , 12,
553-587.

J. P. M. and T.M., 1997. Effect of
oxygen status on pesticide transformation and sorption in
undisturbed soil and lake sediment.

, 16(4), 608-616.
C. M.; Z. F. and H., ., 1995. A dynamic

model on the interaction between water particle and trace
organic chemicals. (Chinese
with English abstract), 6 (3), 170-175.
C.-L., 1997. Subglacial comminution in till----evidence

from microfabric studies and grain size analysis.
43(14), 1-7.

C.-L., 2001. Microfabric properties of three types of
lacustrine clay in the Honghu Lake and sedimentary
environment. 23(4), 296-303.
C.-L.; X.-X.; H.-P.; B.-X. and H.-Z.,
2002. Microfabric properties of lacustrine sediments and
sedimentary environments.
(Chinese with English abstract), 20(2), 295-302.
C.-L.; P.; J.; , D.-X. and

P., 2003. The sedimentary record of a significant
flooding event in Lake Taihu on the Yangtze delta, China.

in press.

Water,
Air, and Soil Pollution,

Ecological Engineering,

Ambio

Hydrobiologia

Journal of Sedimentary of Petrology,

Journal of Paleolimnology

Water, Air and Soil Pollution,

Journal
of Environmental Quality,

Limnology and Oceanography,

Journal of Paleolimnology

Geomicrobiology Journal,

Water Resources,

Environmental Toxicology and Chemistry,

Chemosphere,

Limnology and Oceanography,

Journal of Paleolimnology,

Applied Clay
Science,

Acta Mineralogical
Sinica

et al Atlas of textures and structures of
sedimentary rocks

Quaternary Science Reviews

Environmental
Toxicology and chemistry

et al

Advances in Water Science

Journal of
Glaciology,

Journal of Lake Sciences,

Acta Sedimentologica Sinica

Journal of Coastal Research (special issue)

Journal of Coastal Research Special Issue 39, 2006,

Microfabrics of Lacustrine Sediments 1417



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


